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GOVERNMENT SUPPORT 

The invention was supported, in whole cr ir. 
5 arants AI264S3 and AI3136? from The National Ins 
Health. The Government has certain rights m th 
invention . 

RELATED APPLICATIONS 

This application claims the benefit of U.S. 
10 Provisional Application No. 50/02 2,059, filed February 12 / 
1997 and U.S. Provisional Application No. 60/065,288, filed 
November 25, 1997, the contents of which are incorporated 
herein by reference in their entirety. 

BACKGROUND 

15 The cytotoxic T lymphocytes (CTL) that play an 

important role in protective cellular immunity, including 
the destruction of virus - infected cells, are predominan - 
CD8 T cells (Byrne, J. A. & Oldstone, M.3., J. Virol., 
51:582-685 (1934); Nacier -.Anderson , C. et al . , J. Insr.ur.zl . . 

20 141:3299-3305 (1983)). Ant igen - speci f ic activation of 

these cells depends upon their recognition of pept ide -MKC 
complexes, which normally arise within antigen present 
cells by proteolytic cleavage of cytosolic proteins 
(Towns end, A. & Bodmer, K., Annu. Rev . Immune. , 7:501-52^ 
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(1989)). Translocated into the EH, the resulting pepcics. 
bind to nascent class I MHC molecules for trar.3?crt to the 
ceU surface (Heemels, M.7. * Fioech, H., -4--:.-iu. Rev. 
Biochem., £4:463-491 (1995)). However, many intact and/cr 
functional molecules such as proteins cannot cr-inarily 



oe 



netrate into a cell's cytosol on their own 
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SUMMARY OF THE INVENTION 

The present invention relates to a method of 
delivering a moiety of interest (e.g., protein, lipid) into 
a cell comprising contacting the cell with a complex 
comprising the moiety of interest covalently linked to a 
heat shock protein (hsp) (e.g., a mycobacterial hsp) , unaer 
conditions appropriate for entry of the complex into the 
coil. The complex can comprise the moiety of interest 
15 conjugated to the hsp. Alternatively, the complex can 
comprise the moiety fused to the hsp. These two 
embodiments of complexes of the present invention are 
referred to, respectively, as hsp-moiety of interest 
conjugates and hsp-moiety of interest fusions. 
20 in one embodiment ,. the present invention relates to a 

method of delivering a moiety of interest into a cell 
caoable of taking up a complex comprising the moiety of 
interest covalently linked to a heat shock protein, 
comprising contacting the cell with the complex, unaer 
25 conditions appropriate for entry of the complex inco the 

cell. . _ 

in another embodiment, the present invention relates 

to a method of delivering a moiety of interest into an 

antigen presenting cell comprising contacting the cell wit 

3 0 a complex comprising the moiety of interest covalently 

linked to a heat shock protein, under conditions 

appropriate for entry of the complex into the cell. 

The present invention also relates to a method of 

delivering a moiety of interest into a cell of an 
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individual (e.g., human) comprising c-n:a::;rr the ceil 
w::h a complex con-prising the moiety cf ir.:*rss: covaien: 
linked to a heat shock protein, conditions 
appropriate fcr entry cf the complex into the cell. 
5 In one embodiment, the present invention relates ;: 

method of delivering a moiety of interest into a cell cf . 
individual wherein the ceil is capable of taking up a 
complex comprising the moiety of interest covaiently link: 
to a heat shock protein, comprising contacting zhe ceil 
0 with the complex, under conditions appropriate for entry 
the complex into the cell. 

In another embodiment, the invention relates to a 
method of delivering a moiety of interest into an antigen 
presenting cell of an individual comprising contacting the 
5 cell with a complex comprising the moiety of interest 

covaiently linked to a heat shock protein, under condition 
appropriate for entry of the complex into the ceil. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1A is a graph cf effector cells to target cell 
0 (E:T) ratios versus % specific lysis showing generation cf 
ovalbumin- specif ic CTL by immunization with cva-hsp70 
fusion protein in saline. 

Figure 13 is a graph of log [SIINFEKL] versus % 
specific lysis showing a SIINFEKL peptide (SEQ ID NO: 1) 
5 titration, wherein T2-K b cells were incubated with the 

indicated molar concentrations of SIINFEKL peptide (SEQ ID 
NO: 1) for 45 minutes for use as target cells in a CTL 
assay. 

Figures 2A-2C are graphs of E : T ratios versus % 
0 specific lysis demonstrating that immunization with 
ova-hsp70 elicits ovalbumin reactive CD 8 + T cells. 

Figure 3A is a bar graph showing IFN-7 secretion by 
splenocytes stimulated 72 hours in vizro with 5 /ig/ml 
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recombinant ova protein S, SIINFiKL peptiae ;£ZQ ID i~ : -\ 
(hatched box) , H.GYVYQGL peptide (SZQ ID ::0: J) (lightly 
shaded box), or tissue culture media aicr.e .-; ail sar.p.-- = 
were examined in triplicate. 
5 Figure 33 is a graph of E:T ratios versus % soeci::: 

lysis showing generation of ova-specific CTL cy 
immunization with ova-hsp70 fusicr. protein in saline. 

Figures 4A-43 are graphs of cays versus tumor 
diameter, wherein, following the MO 5 (Figure 4A) and 315 

10 (Figure 43) tumor challenges, tumor growth was mcr.it orsd in 
control mice A and in ova □ and ova-hs?70 ■ immunised mica, 
and recorded as the average tumor diameter in millimeters. 

Figure 4C is a graph of days versus % survival wherein 
the survival of mice was recorded as the percentage of mice 

15 surviving following the tumor challenge; mice which 
appeared moribund were killed and scored as 'not 
surviving' . 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method of 
20 delivering moieties or molecules (e.g., proteins, peptides, 
lipids) which are not generally able to enter cells or 
which enter cells only to a limited extent, into cells or 
into cells of an individual, and to complexes, including 
hsp-moiety of interest conjugates and hsp-moiety of 
25 interest fusions, such as protein complexes or fusion 

proteins, useful in the method. ' As a result of the present 
method, a functional molecule (e.g., a biologically active 
molecule) is delivered into cells. As described herein, 
Applicant has shown that covalently coupling a heat shock 
30 protein (hsp) , such as a mycobacterial hsp, to a moiety 
which cannot enter mammalian cells on its own or which 
enters mammalian cells on its own only to a limited extent, 
results in delivery of the moiety into cells. As described 
herein, the ability of an hsp present in a complex. 
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comprising the hsp linked to a mci-;--y of inures:, to 
elicit MKC class I-restricced CTLs acains: the ar.ached 
mc:e: y indicates :hac -he ccmple:: is able to enter cells, 
as an intact molecule, and enter the class I antigen 
5 presentation pathway of one cell. Thus., one v.eohccs of oh 
cresenc invention can be used _c deliver a moiety which is 
: -.-r generally able to enoer cells or which enoers ceils 
onlv to a limited extent , into cells (e.g., of an 
individual) which are able co cake up one complexes (such 
10 as ceils having an MKC class I antigen presentation 
pa oh way) . 

Moieoies such as proteins, peptides, lipids, 
glycoproteins , ' small organic molecules and other molecules 
particularly chemicals, and other molecules which are 

15 useful therapeutically or diagncst icaily , are delivered 
into mammalian cells by the present method. For example, 
fusion protein comprising a hsp linked or coupled to a 
moiety to be delivered into cells is administered 
to/ introduced into a mammal, such as a mouse, monkey or 

20 human, as a soluble protein using known techniques and 

routes of administration. Alternatively, an hsp-moiety of 
interest conjugate can be introduced into cells. The 
moiety to be delivered enters cells as a result of the 
ability of the hsp component :o enter cells or chape rone 

25 entry of the moiety into ceils. 

As described herein, a complex comprising a moiety of 
interest and an hsp is delivered into cells. The hsp can 
be conjugated or joined to the moiety of interest to form 
single unit. In one embodiment, the hsp is conjugated to 

3 0 the moiety of interest, such as by chemical means, to 

produce an hsp-moiety of interest conjugate. In another 
embodiment, the hsp is fused to the moiety of interest, 
such as by recombinant techniques (e.g., expression of the 
hsp and moiety cf interest by recombinant DNA techniques) - 

35 Conjugation can be achieved by chemical means known to 
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those skilled in the art: (e.g., through a -ovale.-, i--. ^ 
between the hsp and the moiety; reductive aminacisr.? 
recombinant techniques are used tc link the hsp and t.. 
moiety, the result is a recombinant fusion protein wh. 
includes the hsp and the moiety in a single molecule. -.v.s 
makes it possible to produce and purify a single 
recombinant molecule. 

In a specific embodiment, a fusion protein comu.-'.-ing 
a mycobacterial hsp covalentiy linked to a peptide or 
protein is injected into a mammal, in which the fusion 
protein enters cells. For example, a fusion protein 
comprising a mycobacterial hsp and a moiety to be delivered 
into mammalian cells is injected as a soluble protein ir.io 
a mammal (e.g., mouse, human) and the fusion protein enters 
the cells of the mammal. Thus, moieties such as whole 
proteins or peptides which typically do not enter cells 
efficiently, but which are functional entities once inside 
cells, are complexed to an hsp in order to efficiently 
introduce the moiety into cells. Similarly, chemicals 
which do not enter cells efficiently can be introduced into 
target cells by being complexed to hsps. Another example 
of" the oresent invention is a fusion protein comprising an 
hso and a functional molecule, such as a cellular protease, 
which is administered to a mammal and processed by cehs c: 
the mammal, thereby releasing a functional molecule le.g.. 
the protease) from the fusion once it enters the cell. 

As used herein the term "heat shock protein" or "nsp", 
also known as "stress protein", is a protein which is 
synthesized in an organism in response to stresses to tr.e 
organism, such as a rise in temperature and/or glucose 
deprivation. In particular embodiments, the hsp usee :r. 
the methods of the present invention is an isolated 
(purified, essentially pure) hsp. The hsp can be xsoiac,- 
from the cell in which it occurs in nature using routine 
35 methods. In addition, the hsp can be produced using 
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chemical cr recombinant techniques ;Maniatij: i : = i . , 
Molecular Cloning, Laboratory Manual, 2r.c Itld 
Sprang Harbor laboratory ?res=, !.-£-.-:. The c-irm "l.sp Is: 
includes the entire hsp or a pcrtirn of Che nsp ci 
5 sufficient sice to deliver cr chaperone =r.::;' cf a 

into a cell. The ten?, "hsp" also includes a protatn v .r.g 
an amino acid sequence which is the functional equ;vd. .t 
of che hsp in that it is sufficiently honcizccus in i:.: 
acid sequence to that cr the hsp -co he capable of 

10 delivering or chaperoning entry into a cell of a moiety 
which does not enter ceils on its own or enters ceils cr. 
its own only to a limited extent. The term ,( suf f iciet:.; 
homologous in amino acid sequence to that of the hsp" means 
chat the amino acid sequence of the protein or polypeptide 

15 will generally show at least 4 0% identity with the hsp 

amino acid sequence; in some cases, the ammo acid sequence 
of a functional equivalent exhibits approximately 50% 
identity with the amino acid sequence of the hsp; and in 
some cases, the amino acid sequence of a functional 

20 equivalent exhibits approximately 75% identity with the 
amino acid sequence of the hsp. In a particular 
embodiment, the amino acid sequence of a functional 
equivalent exhibits approximately 95% identity with the 
amino acid sequence of the hsp. 

25 Any suitable hsp can be used in the methods of the 

present invention. The hsp for use in the present 
invention can be, for example, a mycobacterial heat shock 
protein, a human heat shock protein, a yeast heat shock 
protein, a bacterial heat shock protein, a nonhuman 

30 mammalian heat shock protein, an insect heat shock protein 
' cr a fungal heat shock protein. In one embodiment, the 
heat shock protein is a mycobacterial heat shock protein 
such as hsp65, hsp70, hspSO, hsp71, hsp90, hsplOO, hspiO- 
12, hsp20-30, hsp40 and hsplOO-200 . 
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The hsp can be conjugated or joined to a 
which is not generally able to enter cells cr. ;zs e-*r. c: 
which enters cells on its own only to a limits z:: 
The moiety can be a protein, peptide, lipid, car -~-'/- r - - - ■ 
glycoprotein and/or small organic molecule. In ; 
particular embodiment, the moiety is a functional -ciacy. 
That is. the moiety has biological activity upon entry - /.to 
the cell. For example, the moiety can be a functional 
enzyme, hormone, protease, toxin, toxoid and/or cytokine. 

Since intact proteins in the extracellular medium do 
not ordinarily penetrate into a cell's cytosoi, soluble 
proteins typically fail to stimulate mice to produce CTL 
(Braciale, T.J. et al., Immunol. Sev. , 93:95-114 (1537)), 
although there are exceptions (Jondal, M. et al.. Immunity. 
5:295-302 (1996)). In comparison with other proteins, the 
soluble heat shock protein termed gp96 is an unusually 
effective stimulator of CDS CTL (Udono, H. et al . , Proc . 
Natl. Acad. Sci . USA, 91:3077-81 (1994)). Mice injected 
with g P 9S isolated from tumor cells (donor ceils) produce 
CTL that are specific for donor ceil peptides in 
association with the responder mouse's class I MHC proteins 
(Udono, H. * Srivastava, P.K., J- Immunol.. 152:5398-5403 
(1 994).- Arnold, D. et al., J- Exp. Med., 182:885-889 
(1995)) Since donor peptides are bound noncovalently by 
the isolated hsp protein, the results suggest that the hsp 
molecules are caoable of delivering noncovalently 
associated peptides to MHC-1 proteins of other (recipient) 
c»lls, including antigen presenting cells. 

The noncovalently bound peptide-gp9S complexes which 
a-e purified from a tumor cell appear to represent a broad 
array of oroteins expressed by the cell (Arnold, D. et al., 
J. Exp. Med., 185:461-466 (1997); Li, Z. * Srivastava, 
o K Embo J, 12:3143-3151 (1993)). In contrast, 
recombinant hsp fusion proteins in which specific proteins 
3 5 of interest are covalently linked to the hsp provide a 
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well -characterise-. polypeptide whirl- lac:-: ~::crtn 
peptides. In addition, a large press in ir: ".rent aler.. 
linked the hsp is an especially rich scurre c. • r.y 
different naturally processed peptides. betide cur", 
of this kind, derived from specific ar.t172.t2 cc 1 ..esc. 
are particularly suitable fcr coming intraceliuia 
oectide-MHC complexes with the highly diverse MKC trsteir.s 
found in different individuals cf genetically outhrsc 
populations . 

As described herein, a recombinant hs?70 protein 
expression vector that permits diverse prcceins and 
peptides to be fused to the ammo terminus cf mycobacterial 
hsp7G was used' to investigate whether scluble hspTC fusion 
proteins could be utilized to elicit MHC ciass-I restricted 
CDS"*" CTL. Previously it has been shown that M. 
tuberculosis hsp70 can be used as an adjuvant -free carrier 
co stimulate the humoral and cellular response to a 
full-lencth protein that is covaiently linked to the hs? 
"(Suzue, K. Sc" Young, R.A. , J. laurel., 25o': S73-S79 (1996))- 
As demonstrated herein, a soluble hs?70 fusion protein 
having a large fragment cf chicken ovalbumin as fusion 
partner, in the absence cf adjuvants, stimulates H-2 b mice 
"to produce ovalbumin-specif ic CDS CTL. The CTL recognized 
an immunodominant ovalbumin cctapeptide, SIINFEKL (SEQ ID 
NO: 1), known to be a naturally processed peptide derived 
from ovalbumin expressed in mouse cells (Rctzschke, O. et 
al., Eur. J. Immunol., 21:2891-2894 (1991)), in the context 
of K b . CTL from the immunized mice were as active 
cytolyticaily as a highly effective CTL clone (4G3) that 
had been raised against ovalbumin -expressing tumor cells, 
as both caused half-maximal lysis of K h+ target cells with 
the SIINFEKL peptide (SEQ ID NO: 1) at about the same 
concentration UCT 13 M) . The results indicate that the 
ovalbumin- hsp70 fusion protein, injected as a soluble 
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can enter 



orocein into mice, 

pathway in antigen presenting cells and stir.i.ate ' 
croducticn of CD8 CTL. 

in particular, as described herein, injection : in 
5 hsp70-cvalbumin fusion protein into K-2* -i-e stintu.. *.t3= 
the production of CDS CTL that recognize the itmnur.cd — 
ovalbumin octapeptide, SIINFSXL (SEQ ID r:= 1), i" 
association with K b . The immunized mice were protects 
against an otherwise lethal challenge with an 
10 ovalbumin-expressing melanoma tumor, and weir CTL vsre^ 
(see Figure IB) in recognizing the Sl-hr^-rv 
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lone (4G3) that was raised against cells 
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effective 

comolex as a CTL c 
(EG7-OVA) in which ovalbumin is expressed and processed 
nltu-ally for class I-MHC presentation. These finding 
clearly imoly that the covalently linked fusion partner or 
the injected hso fusion protein was processed in tne same 
way as ordinary cytosolic proteins for presentation with 
MHC class I oroteins in antigen presenting cells. 

Previously it was reported that mice injected with an 
KIV-1 gag protein ( P 24) linked to hs P 70 produced 
P 2* -specific T cells. Although the peptide-MHC complexes 
recognized by the T cells were not identified, the 
solenocytes from the fusion-protein immunized mice 
-xiUbited P 24 antigen-dependent production of IFN- 7 - wmc.i 
implies the presence of Thl helper T cells and CTL. The 
previous findings, taken in conjunction with the present 
results, show that hsp70 fusion proteins are generally 
useful as immunogens for stimulating CDS CTL that are 
soecif^c for oeotides produced by natural proteolytic 
processing of the fusion partners within antigen presenting 

CSllS The mechanisms by which hspTO enables covalently 
linked polypeptide fusion partners to gain entry into tne 
MHC class I processing pathway and elicit CD 8 CTL could be 
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based cn: i) hspTC'3 ability co assise prtte i:-. . . .dir.r 
(Zhu, K. ec al., Science, 272 : 15 Oc - 1 £14 : " tn, C . 

~ e - :/i«re, 3 33 : 72 5- "3 3 ilr}!. ; ? and - ; .imitate 

zre translocation of proteins into subtelluiar - . -par:-s-:s 
5 (Cyr, D. K. * Neuperc, W., in -cles for hspTO . "rc;e:n 
translocation across membranes of organelles, »■■;. Fa ice, 
U., Mcrimotc, R . I., Yahara, I. * Folia. 3. S. (Eirkhauser 
Veriag, Basel), Vol. 77, pp. 33-40 ( 1996) ; Brccshy, J. L . , 
Trends. Biochem. Sci . , 21:123-125 (1935;:; ii) hsp^O's 
10 ability to facilitate the breakdown of intracellular 

oroteins (Sherman, M. Y . & Goldberg, A . 1: , in Invcive-enr 
or molecular chaperones in intracellular protein breakdown, 
eds. Feige, U'.', Morimotc, R.I., Yahara, I . & Poila, 3. 3. 
(Birkhauser Veriag, Basel), Vol. 77, pp. 57-73 .(1936)); and 
15 iii) the high frequency of T ceils directed against 
mycobacterial hsp70 . 

Hsp70 is an integral component of the protein folding 
machinery (Hartl, F.U. ec al . , Trends Biochem. Sci., 
29:20-25 (1994); Hartl, F.U., Nature, 331:571-579 (1995); 
20 Gething, M.J. &Sambrook, J., Nazure. 255:33-45 (1992)) and 
functions through its ability to bind short linear peptide 
segments of folding intermediates. Detailed studies of the 
peotide-binding activity of hsp70 have shown that it has a 
clear preference for peptides with aliphatic hydrophobic 
25 side chains (Fiynn, G.C. et ai . , Nature, 353:725-730 

(1991); Rudiger, 3. ec al., Embo. J. , 15:1501-1507 (19 = 7;:. 
Thus hsp70 appears to transiently associate with 
hydrophobic protein regions and prevent protein 
aggregation. The kinetics of hs?70- substrate binding is 
3 0 governed by the AT? binding and ATPase activity of hsp" 
"(Flynn, G. C. ec al., Science, 245:255-390 (1969)). The 
combination of the peptide and AT? binding functions of 
hsp70 may be involved in the efficient transfer of 
antigenic peptides into the MKC class I antigen 
35 presentation pathway. Hsp70 also associates with nascent 
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polypeptide chains as they emerge f rc~ rii = £ ar.i are 
involved in stabilizing -ascent poiypettir.^s :r::r to their 
translocation into various subcellular ct-partmer.-s 
(Beclcmann, R.P. et al . , Science, 243:853-554 (1990); 
5 Frydman, J. et al . , Nature, 370:111-117 (1594);, including 
chloroplasts, the ER, lysosomes, mitochondria, the nucleus 
and peroxisomes (Cyr, D.M. & Neupert , w.. .Roles for hsplO 
in protein translocation across membranes of organelles, 
eds. Feige, U. , Morimoto, R. I., Yahara, I. & Polia, 3. S. 
(Birkhauser Veriag, Basel), Vol. 77, pp. 25-40 (1996); 
Brodsky, J.L. . Trends. Biochem. Sci., 21:122-126 (199S)). 
The present findings indicate that hsp70 also promotes 
delivery of co'valently linked fusion polypeptides to the 
subcellular compartment (s) required for cell surface 
15 presentation of peptide-MHC-1 complexes. 

Hsp70's role in intracellular protein breakdown may be 
especially relevant for the immunogenic effectiveness of 
its fusion partner. Experiments with yeast cell mutants 
and with mammalian cell extracts have shown that, in 
2 0 addition to its function in protein refolding, hs P 70 serves 
an essential role in the degradation of certain abnormal 
polypeptides (Sherman, M.Y. £ Goldberg, A.L. , Involvement 
of molecular chaperones in intracellular protein breakdown, 
eds. Feige, U., Morimoto, R.I., Yahara, I. & Polla, 3.S. 
25 (Birkhauser Veriag, Basel), Vol. 77, pp. 57-78 (1996); 
Nelson, R.J. et al., Cell, 71:97-105 (1992)). Thus, if 
hsp70 fails to refold a denatured protein, it can 
facilitate its degradation by the cell's proteolytic 
machinery. In eukaryotes, hs P 70 is essential for the 
30 ubiquitination of certain abnormal and regulatory proteins 
and thus in the breakdown of polyubiquinated polypeptides 
by the 26S proteasome (Sherman, M.Y. & Goldberg, A.L. , 
Involvement of molecular chaperones in intracellular 
protein breakdown, eds. Feige, U., Morimoto, R.I., Yahara, 
I. & Polla, B.S. (Birkhauser Veriag, Basel), Vol. 77, pp. 
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57-73 (199c)). The peptides gen-razed by che ;r::e? . ■. m 
zhe cyzosc-l appear to be the primary scurre of the ■* is 
that are translocated into zhe Z?. for =55:ci = ;:;r. v/i; . ; 
class I. Thus proteins that ere linked :o hsp 70 may > 
5 ubiquizinated and processed especially well fzr 
presentation with MKC-i proteins . 

Immune responses hsp'O have been dezeczed fell- 
exposure to a broad speczrum of infect ious agents i Selkirk, 
M.E. at al., J". Immune! . , 14 2:291-201 (1539); Hefs:r:r.. 7. 

10 e: al., J\ Exp. Med. t lc = : 143C - 142 5 (1957); Young, D . e; 

al . , Proc. Nad. Acad. Sri. L7SA , J £ : 4 2 c 7 - 4 2 7 0 (19-3 3 j ) . 2n 
addizicn, anzi-hsp70 immune responses were induced in 
infants by the' trivalent vaccine against :e:a-us, 
diphtheria and pertussis (Dei Giudice, G. ez al . , J. 

15 Immuncl . , 150:2025-2032 (19=2)). It seems that the immune " 
system is routinely stimulated to respond to hsp70 and such 
stimulation may cause an expansion of hsp7C-reactive cells. 
The cellular responses to mycobacterial hsps are profound; 
limiting dilution analysis indicates that 20% of the murine 

20 CD4 ~ T lymphocytes that recognize mycobacterial antigens 
are directed against hspSO aicne (Kaufmann, 5.H. e: al . , 
■ Eur. J. Immunol . , 17:251-257. (1937)). The high frequency 
with which human CD4 * T cell clones directed against 
mycobacterial hsp70 and hsp60 have been detected suggests 

25 that these hsps are also major targets of the cellular 

response in humans (Munk, M.E. et al . , Eur. J. Immunol . , 
13:1335-1533 (1983)). Thus, although soluble proteins 
administered in the absence of adjuvant do not typically 
elicit CD 8 CTL, it is likely that the abundant 

30 hsp7C- reactive helper T cells are involved in facilitating 
the unusually efficient CTL response against the soluble 
hsp70 fusion protein. 

Another hsp, gp96 , isolated from various tumors and 
tumor cell lines, has previously been shown to be a potent 
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20 



immunogen for eliciting CZ3 CTL. G?96< 3 effectiveness . 
derives fro. i) the nany peptides tha, remain bound 
noncovalently to the protein when isolacad from ceils _ 

(Arnold, D. et al - , ^- w - a - ' ~- a 

5 Z * Srivastava, P.K. flnbo. J.. 12:3143 -3151 (1553)); and 
ii) its ability to facilitate the transfer of tnose 
Peotides to MKC-1 proteins of "professional" antigen 
presenting cells (Suto, R. & Srivastava, P.K.. Science, 
265-1585-1588 (1995)). Detailed studies or tne 
10 peotide-binding activity of hsp70 has shown that it has a 
c i-ar oreferer.ee for peptides over 7 amino acids in length 
and those with aliphatic hydrophobic side chains (Flynn. 
G C et al., Nature, 353:726-730 (1991); Rudiger, S. et 
al Embo. J-, 16=1501-1507 (1997)). Although gp9 6 can 
Jnd many different peptides (Arnold, D. et al.. J. Exp. 
Med., 182:885-889 (1995); Udono, H. t Srivastava, P.K., J • 
Exp 'Med., 178:1391-1396 (1993); Nieland, T.J. et al.. 
proc N atl. Acad. Sci. USA. 53:6135-6139 (1996)). studies 
with hs P 70. as well as general considerations, indicate 
that no protein can serve as a universal receptor for all 
peptides. Recombinant hs P 70 fusion proteins, in contrast, 
a.e thus likely to provide a richer source of peptides 
available for binding to diverse MHC molecules 

Many different proteins can be linked to hs P 70 and the 
25 fusion proteins studied so far are effective immunogens in 
the absence of adjuvants. Hsp70 fusion proteins are thus 
attractive candidates for vaccines intended to stimulate 

CD 8 CTL in humans. 

As also described herein, the ability of hsp fusion 
va ccines to elicit MHC class I -restricted CTLs against the 
attached protein moiety indicates that the P»£ ^ 

is able to enter cells, as an intact molecule, and and its 
way into the class I antigen presentation pathway. 
Antigens such as ovalbumin cannot elicit a CTL response 
without being fused to hs P 70, indicating that the heat 
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shock protein is necessary for cellular entry-. Thi~ 
ability cf hsps to enter cells can be usee :c deliv^ 
molecules that normally cannot enter cell- m the..r 
For exaxple, whole proteins or peptides whim typic: zz 
r.oz en:er cells efficiently, bur which have iunct-c... 
capacities once inside ceils, could be fused to a he.-: 
shock protein in order to efficiently introduce the- .o 
cells. Similarly, chemicals which do not . enter cal.s 
efficiently can be introduced into target ceils by :;:-ir 
fused to hsps. If necessary, the fusion protein c±r. z 
engineered to' become digested with a cellular protean : :> 
release a functional molecule from the fusion once it 
enters the cell . 

Thus, the methods of the present invention can be usee 
therapeutically or diagncst icaily to deliver a moiety (one 
or more) , which is not generally able to enter ceils or 
which enters cells only to a limited extent, into ceils or 
into cells of an individual. In addition, the methods cf 
the present invention can be used to deliver a moiety to a 
tissue or organ (e.g., of an individual). In a particular 
embodiment, the ceils, tissues or organs are mammalian 
(e.g., murine, canine, feline, bovine, monkey and human) 
cells, tissues or. organs. 

In the method of the present invention wherein a 
moiety is delivered into mammalian ceils, tissues or 
organs, for therapeutic purposes, an effective amount of 
the complex comprising the moiety of interest linked to a 
hsp is administered to the mammalian ceil, tissue or organ 
An "effective amount" is an amount such that when 
administered, it results in delivery of the complex 
comprising the moiety linked to the hsp into the cell, 
tissue or organ. In addition, the amount of the complex 
used to deliver a moiety into a ceil, tissue or organ will 
vary depending on a variety of factors, including tone 
moiety being delivered, the size, age, body weight, genera 
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h-alth. sex and diet of the individual, anc -.-.e uime^- 
administration, duration cr particular qua— -*s o. 
condition being treated therapeutica.lv. _ _ ^ 

Various delivery systems car. be usee :: aami^ = — — 
5 complex to cells, tissues cr organs. Method zz 
introduction include, for example, su=cutane^u, , 
"intramuscular, intraperitoneal, intravenous., ir.traderma 

ntranasal, epidural and oral routes. Any c,,er convenien. 
ro ute of administration can be used (infuse c: a bolu. 

s -nie"t'OuS over time, 

m iniection, infusion or multiple -]e— s 

action through epithelial or mucocutaneous linings sue, 
as oral, mucosa, rectal or intestinal mucosa). 

Th- following Examples are offered for the purpose c. 
ii lustrating the present invention and are not to be 
15 construed to limit the scope of this invention. The 
ceachings of all references cited herein are hereby 
incorporated herein by reference. 

EXEMPLIFICATION 
Materials and Methods 
, n pvrnression Vector Constructs 

The DNA fragment containing the «. tuberculosa hsp O 
coding sequence was synthesized by PCR using » ^»« 
■ to ^fclones »m and ,3130 as a template -g „ . 

B K»nt. L. * Young, R. A.. Infect. I^un., "-.1421 14.= 
25 (1987)) . The complete coding sequence o£ hsp70 was 
synthesized by using the upstream primer OKS63 
( 5" GCCCGGGATCCATGGCTCGTGCGGTCGGGAT3 ' ) (SEQ ID NO, 3) 
containing a Ba^I site irately be£=re the hsp70 =~... 
seouence and the downstream primer OKS79 
30 (s-'gCGGAATTCTCATCAGCCGAGCCGGGGTB-) .SEQ ID NO: 4) 

containing an EccRT site .mediately after th« , las. =--- = 
sequence of hsp70 . The DNA fragment containing the 
ovalbumin coding sentence was synthesized by PGR us , 
plasmid P Ov230 (McReynolds, L. ««J., "ature. 273.7., -- 
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(1S~S)) as a template . The uprtrea- primer : "-: : 
( 5 ' GCGGATCCA7ATGG7CCTTCAGCCAA3C7CC37GG2 ' ) '■ _3 -w : = } 

contained a Nasi sice i-mediatily cetera . cii : : 

ovalbumin and the downstream pr;n=r c?:£G2 
5 ( 5 ' GCAGGATCCCTGTTCCATAACA7TAG.-.J ' ; ' 3SQ 13 NG: c-ZT.zs.Lr.tz 
a 3an£iZ sice immediaeely after amino acid 2 7? c: cvalcum;..- 
Anocher downstream primer containing a 3a-llZ szzs C-KS3G 
( 5 ' GCTGAATTCTTAC7CTTCCA7AAGA77AG2 ' ) i'SEQ 17 w2: 7), 
included a translation step coder, immediately after amino 

10 acid 275 of ovalbumin. 

Construction of the vectcr used to prcdv. hsp70 
alcne, pK574 , has been previously described ;Sueue, K. L 
Young, R . A., J. Immunol.. 2fc:S73-S79 {I3SS/1. The vectcr 
pKSllh was made by modifying the plasmid vectcr pZTll 

15 '(Studier, F. W. ec ai., Methods Enrymoi . , 155:60-3? (1990); 
with a hiscicine tag codir.g sequence and with the 
poiylinker from ?ET17b. Plasmid pKS23 was made by 
subcioning the DNA encoding amino acids 151 tc 275 of 
ovalbumin into the Ndsl and SamHI sites of pKSilh. Plasmid 

20 pKS76 was created by subcioning ovalbumin (161-276) and 
hs?70 into the Ndel and BamKI sites cf pKSllh. 

Protein Purification 

Cultures of 3L21 (DE3 ) pLysS (Studier, ?. W. ec al . , 
Methods Enzymol., 185-.S0-B9 (1990)) were grown and induced 
25 with 0.5 mM isopropylthicgalactoside (IP7G). Hsp70 and 

ova-hsp70 proteins were both purified as inclusion bodies, 
refolded stepwise in guanidme and subsequently purified by 
ATP affinity chromatography as previously described (Sucue, 
K. & Young, R. A., J. Immunol., 156:513-319 (1996)). 
30 Protein purity was verified by SD5 - PAGE and protein 

fractions were pooled and dialyzed against PBS. Protein 
concentracions were determined by the bicinchoninic acid 
assay (Pierce, Rockford, ID . 



WO 98/35705 



^epcides 

The peptides SIINFEXL ( corresponding '.' -valsur.-r. 
amino a 



20 



acids 258-276) (SSQ ID NO: i) and ?.-•;." 



(corresponding to the vesicular s--or.aci-.i5 virus 
5 nucleoprotein amino acids 324-332) (SZQ >'C : 2), were 
synthesized by the Biopolymers Facility a: zr.e Center ror 
Cance- Research at the Massachusetts Inscicuce ci 
. Technology. Peptides were scored as 1 mg/ml scock 
solutions in PBS. 

10 Mice and Immunizations 

Seven-eight. week old female C573L/6 nice were obtained 
fi^om Jackson Laboratories (Bar Harbor, Maine) ar.d Tacomc 
Farms (Germantown, NY). Mice were immunized i.p. on day 0 
and s.c. on day 14 with 120 pmoles of purified protein in 

15 PBS. 

Cell lines 

EL4 (K-2 b ) thymoma cells, from che American Type 
Culture Collection (ATCC, Rockville, MD) , were grown in 
RPMI 1540/10% FCS. E.G7-OVA cells (ovalbumin cransfected 

« « or *7 C-ll 54:777-785 (1988)) 
EL4 cells) (Moore, M. W. et al., C_l_, _ 

we- cultured in RPMI 1640/10% FCS in the presence or 320 
Mg of G418 per ml. The human cell line T2 , is a 
TAP-deficient, T-B lymphoblastic fusion hybrid. The K 
cransfected clone, T2-K», a generous gift from P. 
CressweU, was cultured in RPMI 1640/10% FCS in the 
presence of 320 M g of G418 per ml. The CTL ^ 
maintained by weekly restimulacion with irradiated E.G7-0VA 
cells in RPMI 1640/10% FCS/5% rat Con A supernatant 

« « t Pi«n H N Proc. Natl. Acad. Sea. USA, 
(Walden, P. R • & Eisen, H. n., «-o 
30 87:9015-9019 (1990)). The C57BL/6-derived melanoma B16 and 
che ovalbumin-transfected B16 clone, M05, (Falo, * Jr ' < 
ec al Nat. Med., 1:649-653 (1995)) were generously 



25 



10 



15 



20 



WO 93/25705 



o rev iced by L. 
C h a presence of 2.0 -g c: G-113 and : pg or hy= 



I7N-7 ELISA 

Soieens were removed from mice 10 cays alter - • - : 

injection. The spleens from 3-10 mice in each treacmen: 
group were pooled. Single-cell suspensions were prepared 
bv crinding tissue through a sterile nylon mesh, 
-^vehroevtes were removed by suspending cne ceils m p.- 
Ivsis buffer (0.15 M NH d Cl , 1 M :<KCC 3l 0 . 1 mM Na 2 ZD7A) and 



rinsino the cells two times wi- 



media . 



Spienocytes were then cultured at 1 X 10' cells/ml in 
96-welI round bottom microculture plates in RPMI 1640, 
supplemented with 10% PCS and 50 uM 2-MS at 37°C in 5% C0 : . 
The cells were stimulated with recombinant ovalbumin (10 
/zg/ml>, SIINFEKL peptide (SEQ ID NO: 1) (10 j;g/ml), 
RGYVYQGL (SEQ ID NO: 2) (10 uo/ml) or with Con A (5 ^g/mi) . 
Cell culture supernatant s were removed at 72 h. A sandwich 
ELISA using paired monoclonal antibodies (Sncogen, 
Cambridge, MA) was used to measure "N-7. 



CTL assay 

Single-cell suspensions of spienocytes were prepared 
as above. 25 X 10 6 spienocytes were cultured with 5 X 10° 

25 irradiated (15,000 rads) E.G7-CVA cells in RPMI 1640 

supplemented with 10% PCS, 5C uM 2 -ME, 1 mM sodium pyruvate 
and 100 non-essential amino acids. After 6-7 days m 
culture, spienocytes were purified by ?icoli-?aque 
(Pharmacia, Piscataway, NJ) density centrif ugation and* then 

30 utilized as effector cells. 

Target cells were labeled with 100 fid [ 5l Cr] an 37°C 
for 1-2 h. For peptide sensitization of target cells, 50 
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M g of peptide was added to the target ceils ;3;: ug/-^ . 
final peptide concentration) during the labeling rente 
The cells were then rinsed and 5C00 [-'Cr; -labeled targ=.= 
and serial dilutions of effector cells ware incubated at 
various E :T ratios in 96 well u-bcttom rUtes at 37°C. -or 
oeotide titration assays, the target cells were roc pulsed 
w<th anv oeotide during the [ 5l Cr; -labeling period and 
instead, the peptide was directly added to the 96 well 
U-oottom plate at final concentration, of 10"° M to 10 M. 
Suoernatants were harvested after 4-5 h and the 
radioactivity was measured in a gamma counter. % Specmc 
lysis was calculated as equal to 100 X [(release by 
CTL- spontaneous release) / (maximal release-spontaneous 
release)] . Maximal release was determined by addition of 
.5 i% Triton X-100 or by resuspendir.g target cells. 

in vizro depletion or enrichment of lymphocyte 
subDOOulations 

Splenocytes were cultured with irradiated E.G7-0VA 
c-lls and ourified by Ficoll-Paque (Pharmacia) density 

as desc-ibed above. Cells were resuspended 
20 centrifugation as aesc-ioea auw 

in cold *3S with 1% FCS and incubated with anti-mouse CD. 
(L3TM) microbeads or with anti-mouse CD8a (Ly-2) microbeacs 
(Milt-nvi Biotech, Bergisch Gladbaoh, Germany) for 20 mm. 
ac 4 . C ' For cell depletion, the cells were applied on to a 
2 5 Mini MACS column (Miltenyi Biotech) with an attached flow 
resistor. The cells from the flow-through were collected 
and used as effector cell in the cytolytic assay. For 
positive selection of CDS cells, the cells were applied on 
co a Mini MACS column without a flow resistor. The column 
30 was rinsed and the cells adhering to the column were 

released by removing the column from the magnetic holder. 
The positively selected cells were then used as effector 
colls in the cytolytic assay. The effectiveness of 
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positive and negative selection cf cells vaa verifier .. 
flow cytometry using phyccerythrir. zcnj^ied an-.i--c. v-, 
CD4 and fluorescein iscthiocyanate conceited anti--- 
CD = a antibodies (Pharmingen, San 2Lz = z, CA) . 

5 Tumor protection assay 

C573L/S mice were injected i.p. with 120 pmcles of c 
or ova-hsp70 without adjuvant and boosted s.c. 2 weeks 
i" mr ~ Ten days after the last ionization the mice 
Injected s.c. on the right flank wit:: 1 X iO 5 M05 tumor 
10 cells or with 1 X 10 s 316 tumor cells. As a control. 

unimmunized mice were also inoculated with the tumor rail 
Trive to ten mice were used for each experimental group. 
cr» dav of the tumor challenge, the 315 and MC5 cells we: 
harvested by trypsinization and rinsed three times in ?B-= 
15 The cells were resuspended in ?5S and administered =.o. 

a volume of 0.1 ml. Tumor grower, was assessed by measun 
the diameter of the tumor in millimeters (recorded as the 
av— age of two perpendicular diameter measurements) . Mi = 
chat became moribund were sacrificed. Consistent results 
20 were observed in three separate experiments. 

RESULTS 

=urified recombinant proteins 

A recombinant system developed to permit production 
M tuberculosis hsp70 fusion proteins in £. coli (Suzue. 
25 i Y OU n g , R. A., J. Immunol . . -56:873 -879 (1996)) was 

utilized to attach amino acids 161 to 276 of ovalbumin c: 
th~ N-termmus of M. tuberculosis hs P 70. A comparable 
recombinant ovalbumin protein (amino acids 151 to 276! w 
also produced. The selected portion of ovalbumin cor.tai. 
30 the immunodominant epitope SIINFEK1 (SEQ ID NO: I) 

recognized by CTL in association with.K b (Rotzschke . Z. 
al Bur. J. Immunol., 21:2891-2394 (1991); Carbone , F. 
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& Sevan, M. J., J • Exp. Med., 169:102-112 {1939} ) . Th- 
ovalbumin hsp70 fusion protein and the ovalbumin !aa 
161-276) protein were expressed at high levels in E. cell. 
These proteins were purified as inclusion bodies, refolded 
in vitro, and further purified by column chromatography. 
The purity of the recombinant proteins was assessed by 
SDS-PAGE . E. coli cell lysates and purified proteins were 
examined by SDS-PAGE and proteins were visualised by 
Coomassie staining. The gel contained crude extracts from 
I?TG-induced E. coli containing pKS2S (ova 161-276) and 
from IPTG-induced E. coli containing pKS76 (ova-hsp70) , and 
the purified proteins ova 151-276 and ova-hsp70. 
Examination of commercial preparations of crystallized and 
high grade ovalbumin by SDS-PAGE. and silver staining 
revealed that they are highly contaminated with low 
molecular weight polypeptides. For this reason, only the 
highly Durified recombinant ovalbumin (aa 161-275) protein, 
referred to below simply as ovalbumin, was used in these 
studies . 

immunization of mice with hsp70 fusion protein in PBS 
elicits T cell responses against the attached antigen 

Whether mice injected with soluble protein without 
adjuvant could be primed to produce ant i -ovalbumin T cells 
was investigated (Figure 1A) . C57BL/6 mice were inoculated 
i.p. with 120 pmoles of ovalbumin (ova) or with 12 0 pmoles 
of ovalbumin- hsp70 fusion protein (ova-hsp70) in PBS. A 
second equivalent dose was given s.c. at two weeks. A 
third group of mice was injected with 120 pmoles of 
ovalbumin-p24 gag fusion protein (ova-p24) , purified as 
described in (Suzue, K. Sc Young, R. A., J. Immunol., 
156:873-879 (1996)), in order to examine the immune 
responses elicited by administering ovalbumin covalently 
linked to a protein other than hsp70, in the absence of 
adjuvant. Splenocytes of immunized mice were removed ten 
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days after the s.c. immunizacicn and :cr ear:- . 3- 
5-10 scleer.s v;are peeled and spler.tryzes :r:r : 
-ice ware cultured in vitro :;: 5 c..r.y5 with ...at 
S.G7-OVA cells (syngeneic ZL-1 ceils transieczr 
5 ovalbumin) without added incerleuki .ts Ulcere, w. e 
Cell, 54:777-735 {1933}). The cultured calls v.r.re :r... . 
used as effector rails in C7L assays. Cells from mice 
iniected with cv. .bumin protein or with ovalbumin -p2 4 
fusion protein were unable to lyse 72-K b target cells c 

10 T2-X h cells pulsed with SIINFZKL peptide (SZQ ID NO : 1} 
In contrast, effector cells frcm priced with 

ovalbumin-hsp/C fusion protein were able :o lyre 72 -K° 
cells pulsed with SIINFZKL peptide (SZQ ID NO: 1} . See 
Figure 1A wherein the splenocyte cultures derived f rem -ice 

15 immunized with ova □, ova-p24 V and ova-hsp70 3, which were 
used as effector cells in a standard cytotoxicity assay, is 
shown. The following 5l Cr- labeled target cells were used: 

72 -K b cells and 72 -K b pulsed with SIINFZKL peptide 

at 300 /zg/ml . 

20 Results obtained with other target cells also show 

that the anti -ovalbumin C7L recognized SIINFZKL (SZQ ID NO: 
1) in association with K b . Splenocytes from 
cvalcumin-hsp70 immunized mice were able to lyse both 
Z.G7-0VA target cells and ZL4 ceils pulsed with SIINFZIKL 

25 (SZQ ID NO: 1) peptide but were unable to lyse EL 4 cells in 
the absence of peptide cr ZL4 cells pulsed with another 
K b -binding peptide (RGYVYQGL (SZQ ID NO: 2), from vesicular 
stomatitis virus, (Van 3leek, G. M. * Nathenson, S. G., 
Nature, 348:213-216 (1990) ) . 

30 7o assess the effectiveness of the CTL from 

ova -hsp70- immunized mice, they were tested after 6 days ir. 
culture in cytolytic assays using 72-K b as target cells and 
SIINFZKL (SZQ ID NO: 1) at various concentrations. For 
purposes of comparison, the assay included a 
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we ii -characterized. CTL clone (4G3) that racccr.i=es 
SIINFEKL-K b complex. As shown in Figur- IB, half -maximal 
lysis was obtained with both the CTL line and the 4 33 clone 
It about the same peptide concentration, approximately 5 x 
5 io- 13 M. Thus CTL from the ova-hs?70 immunised mice and tne 
dene against the ovalbumin- expressing tumor (S.G7-OVA) 
were equally effective in terms of the SIINFEK1 (3EQ ID NO: 
D concentration required for half -maximal lysis. It may 
be noted that in Figure 13 the ratio of 4G3 cells to target 
10 ell- (E:T ratio) was 5:1. whereas for the CTL line this 
.atio was 80:1. While the E:T ratio has a large impact on 
"the maximal lysis of target cells at 4 hr, changing this 
ratio over an 80-fold range (1:1 to 80:1) has a negligible 
effect on the peptide concentration required for 

15 half -maximal lysis. 

Next, that the cytolytic activity of the CTL line rrcm 
o va-hsD70 immunized mice was due to CD8 + T cells was 
verified (Figures 2A-2C) . C57BL/6 mice were injected i.p. 
w<th 120 pmoles of ova or ova-hs P 70 without adjuvant and 
20 boosted a.c. with the same amounts of these proteins 2 

w-eks later. Mice were sacrificed 10 days after the ooost 
and for each mouse group, 5-10 spleens were pooled and 
solenocytes were incubated for 6 days in the presence or 
irradiated E.G7-OVA cells. Prior to performing tne ■ 
25 cytotoxicity assay, the effector cells were negatively or 
positively selected for CD4 + cells or CD8 + cells using 
oaramagnetic antibodies (see Materials and Methods) 
Solenocyte cultures were either depleted of CD4 cells 
(CD4-CD8 + ) (Figure 2A) , depleted of CD8 + cells (CD4+ CDS 
30 (Figure 2B) or were enriched for CD8+ cells (CD8^) (Figure 
2C) A MACS column to separate the CTL line into T cell 
subsets (see Materials and Methods) was used. CTL activity 
was unaffected by removing CD4+ cells, but it was 
• completely abrogated by removing CD8+ cells. Retrieval o. 
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the CDc " cells from the MACS colurrr. lec to rs::'^rv :~ 
cv::iv:ic activi-y. The results vere ; he same whe:" " ii" 

cr ovalbumin expressing EL4 cells (E . "-OVA; . Thus . 
5 administration of ovalbumin -nsp 70 *usicr. protein, b\ i r. 
ovalbumin alone, elicits CDS ~ C71 specif- c fir _;i 

( SEQ ID NO: 1} . 

The lower level cf cytolytic activity in Figures 
relative :o Figure 1A and Figure IB reflects zhe die fere:" 

10 carcret cells used. T2-K b cells (Figures 1A- 13) and £1-1 
cells (Figures 2A.-2C) have apprcximat ely the same high 
level of cell surface K h (rcughiy 100,000 molecules per 
cell), but the peptide transporter (TA?) is defective ir. 
72 -K b (Anderson, K. S. ez a 2 . , J. Irwv::cl., 151:3407 -3419 

15 (1993)}, and not in EL4 . Hence, at a given free 

concentration of SI INFEKL (SZQ ID NO: 1; the target cell 
epitope density (number cf S I INFEKL K h complexes per ceil) 
is much greater on T2 - K h than EL 4 ceils . 

Hso70 must be covalently coupled to ovalbumin to engender 

20 anci ovalbumin T cell responses 

Next, it was examined whether the covalent fusion c: 
hsc-70 to ovalbumin was necessary to elicit cellular 
responses to ovalbumin or whether the same results could be 
obtained if the two proteins were simply mixed but not 

25 covalently attached (Figures 3A-33). Mice were injected 

with 120 pmoies of ovalbumi n - hsp70 fusion protein, with 120 
pmoles of ovalbumin, or with 120 pmoies of hsp70 mixed with 
120 pmoies of ovalbumin. 7en days after the boost 5-10 
sDleens from each mouse group were pooled and processed. 

30 The level of I FN- 7 secreted by the splenocytes in response 
to rest imulat ion with ovalbumin in vitro was measured by 
ELISA. Solenocytes from mice immunized with ovalbumin 
alone cr with a mixture of ovalbumin and hsp70 proteins 
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produced less than 6 ng/ml I FN -7 in res?cr.-3 .r st - \- 

with SIINFEKL peptide (SSQ ID NO: 1) cr cvalb—n Ui?:^ 
3A ) . In contrast, splenocytes from mice :r.jsc::: vicr. 
ovaibumin-hsp70 fusion protein secreted substantially 
5 higher levels of IFN-7 when restimulated ir. vitro witn 

SIINFEKL peptide (SSQ ID NO: I) or ovalbumin. Tr.e release 
of IFN-7 was ovalbumin specific, since splenomas cu-rure- 
in media alone or with control RGYVYQGL peptide (SSQ ID NO: 
7) secreted low levels of IFN-7- 
10 Similar results were obtained by cytolytic assays. 

See Figure 33 wherein splenocyte cultures from -ice 
immunized with recombinant ova □, ova-hs P 70 fusion protein 
■ or with a mixture of ova and hsp70 proteins A, were used 
as efroctor cells in a standard cytotoxicity assay is 
IS shown. The following »Cr-labeled target cells were used: 

£ G 7-0VA and EL4 cells alone . Ovalbumin - 

specific CTL were produced by mice injected with the 
ovalbumin-hs P 70 fusion protein but not by those injected 
with a mixture of ovalbumin with hs P 70. 

20 immunization of mice with ovalbumin- hs P 70 protein without 
adjuvant' engenders protective immunity to M05 tumor 
challenge 

The M05 cell line, which is a B16 melanoma cell lm. 
transfected with ovalbumin expressing DNA, presents tne 
25 immunodominant SIINFEKL peptide (SEQ ID NO: 1) in 

association with K» on the cell surface (Falo, L . , Jr., e_ 
al , Nat. Med., 1:649-653 (1995)). Using this tumor it was 
determine whether the immune response induced by 
ovalbumin-hs P 70 fusion protein is sufficient to engencer 
30 protective tumor immunity. Mice were injected i.p- wi... 

120 pmoles of ovalbumin or ovaibumin-hsp70 without acy.va... 
and boosted s.c. 2 weeks later. Ten days later the mice 
were injected ' s .c . on the right flank with 1 X 10» MO= 
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cumor cells or with 1 X I0 3 Si€ cuncr cells. As *. 
additional control, naive "ice were also Lncz \: v.- 
che :ur.or cells. 

All mice challenged with turner ceils we. -"ictr-. 
fcr tumor grower, and growth was recorded as z. ver^g 
turner diameter in millimeters (Figures 4A-43) . .Ver.cy- t 
days following the MC5 turner challenge, the average tumor 
diameter in the control and the ovalbumin immunized rr.::e 
was greater than 15 mm. Because • the control and ovalbumin 
immunized mice began dying 21 days after the tumor 
challenge, tumor growth was net recorded bey end 21 days. 
In contrast to the control and the ovalbumin- immune zed 
mice, no tumors were detected in the ovalbumin- hsp7C 
immunized mice 21 days after the turner challenge. All 
groups of mice (control, ovalbumin- immuni zed or ovaibumin- 
hsp 70 immunized) which were challenged with the 315 turner 
ceils developed tumors and became moribund by 21 days arzer 
the tumor challenge. 

The survival of mice was recorded as the percentage or 
mice surviving following the tumor challenge (Figure 4C) . 
Mice which appeared moribund were sacrificed. Forty days 
after the M05 turner challenge, none cf the. control mice and 
onlv 10% of the ovalbumin- immunized mice had survived. In 
contrast, 80% of the ovalbumin-hsp70 immunized mice had 
survived. These experiments demonstrate that immunization 
of mice with the ovalbumin-hsp70 fusion protein, buc not 
with the ovalbumin protein alone, induces ovalbumin 
specific protective tumor immunity. 
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Administering Ovalbumin- hsp70 Fusion ?r::e.;r. Ccncsir.ir.g 
either the AT? Binding or the Peptide Binding domain of 
hsp70 is Sufficient to Elicit anti -ovalbumin T Cell 
Responses 

5 Whether the peptide binding or the AT? binding domain of 
hsp70 was sufficient for eliciting T cell responses to the 
attached ovalbumin antigen was investigated. It is 
oossible that since. the ATPase and AT? binding functions of 
the hsp70 protein were not essential for its adjuvant-free 

10 carrier function, that the presence of this function domain 
-of hsp70 is unnecessary when utilizing the ovalbumin-hsp7 0 
fusion protein to elicit ant i -ovalbumin T cell responses. 
The amino terminal 44 kD portion cf hsp70 has been' 
characterized as the AT? binding domain with ATPase 

15 activity and the carboxyl terminal portion of hsp70 binds 
polypeptide substrates. Recombinant fusion proteins were 
produced with the ATP binding domain of hsp70 attached to 
ovalbumin ( ovalbumin -NH : hsp70) and the peptide binding 
domain of hsp70 attached to ovalbumin (ovalbumin C0 2 H 

20 hsp70) . These proteins were purified from E. coli as 
inclusion bodies, refolded and purified using NTA-Ni 2 * 

chromatography. 

The T cell responses to ovalbumin were assessed after 
injecting mice with ovalbumin- NH 2 hsp70 or with ovalbumin - 

25 C0 2 hsp 70 fusion protein in saline solution. Levels of 
IFNg secreted by the splenocytes in response to OVA8 
peptide was 22 ng/ml in the ovalbumin-NH 2 hsp7 0 group and 
■ was 19 ng/ml in the ovalbumin -C0 2 H hsp70 group. When 
splenocytes were stimulated with the ovalbumin protein 

.30 antigen, the IFNg levels were 3 8 ng/ml in the ovalbumin-NK 2 
hsp70 group and was 29 ng/ml in the ovalbumin-C0 2 H hsp70 
group. In the cytolytic assay, the effector cells from 
both of these groups were able to effectively lyse OVA8 
pulsed EL4 target cells and' E.G7-OVA target cells but not 



the ZL4 control cells. Admir— scaring soiubl 
either the amino or the carboxyl terminal z: 
fused to cvalbu-in is sufficient :: elicir ■ 
cell responses. 



DISCUSSION 

Mice immunized with heat shock proteins :hsp; ...-zed 
from mouse tumor cells (doner ceils) produced CDi zy : 
T lymphocytes (CTL) thac recognized donor cell peptide-: in 
association with the MHC class I proteins of the r^v ing 
mouse. The CTL are likely induced because pep- ices 

noncovaiently associated with the isolated hsp mclac 

can enter the MHC class I antigen processing pathway :: 
professional antigen presenting cells. Using a recombinant 
heat shock fusion protein with a large fragment cf 
ovalbumin covalently linked to mycobacterial hs?70, it has 
been shown herein that when the soluble fusion protein was 
injected without adjuvant into H-2 h mice, CTL were produced 
that recognized an ovalbumin-cerived peptide, SIINFZKL (SEQ 
ID NO: 1) , in association with K*\ The peptide zs known to 
arise from natural processing of ovalbumin in H-2° mcu=e 
ceils, and both CTL from the ova-hsp70- immunized mice and a 
highly effective CTL clone (4G3) raised against ovalbumin - 
expressing EL4 tumor ceils (ZG7-0VA) , were equally 
effective in terms of the concentration cf SIINFZrCL (SEQ ID 
NO: 1) required for half-maximal lysis in a CTL assay. The 
mice were also protected against lethal challenge with 
ovalbumin-expressing melanoma tumor cells. Because large 
protein fragments or whole proteins serving as fusion 
partners can be cleaved into short peptides in the MHC 
class I processing pathway, hs? fusion proteins of the type 
described herein can be used to deliver moieties or 
molecules (e.g., proteins, peptides, lipids) which are not 
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limited extent, into cells 
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EQUIVALENTS 

While this invention has been parzic— any —.cv- 
described with reference to preferred embodiments zher 
it will be understood by those skilled ir. the arz chat 
various changes in form and details may be made zherei. 
without departing from the spirit and scope of the 
invention as defined by the appended claims. These s:< 
in the art will recognize or be able to ascertain usm 
more than routine experimentation, many equivalents to 
specific embodiments of the invention described 
specifically herein. Such equivalents are intended to 
encompassed in the scope of the claims. 
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CLAIMS 



We claim: 



1. A method of delivering a moiety cz :r.:«: = = : i .: ~. 
cell comprising contacting the cell with a z~ 1 ■. . : 

5 comprising the moiety of interest covalentV -\-c 

a heat: shock protein, under conditions appro;. : .- : f 
entry of the complex into the cell. 

2. The method of Claim I wherein the heat shock z\ 
is selected from the croup consisting oz: 

10 mycobacterial heat shock proteins, human heat shock 

proteins, yeast heac shock proteins, bacterial her.-, 
shock proteins, nonhuman mammalian heat shock 
orocems , insect heat shock proteins and fungal heaz 
shock proteins. 

15 3. The method of Claim 2 wherein the heat shock prctein 
is a mycobacterial heat shock protein selected from 
the croup consisting of: hsp65, hsp70, hspSO, hspTl, 
hsp90, hsplOO, hspl0-12, hsp20-30, hsp40 and hspICO- 
200 . 

20 4. ' The method of Claim 3 wherein the moiety is selectee 
from the group consisting of: proteins, peptides, 
lipids, carbohydrates , glycoproteins and small organ 
molecules . 

5. A method of delivering a moiety of interest into an 
25 antigen presenting cell comprising contacting the ce 

with a complex comprising the moiety of interest 
covalently linked to a heat shock protein, under 
conditions appropriate for entry of the complex int: 
the ceil. 
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o. The method of Claim 5 wherein the heat shoe:-; trrcteir. 
is selected from the group consisting of: 
mycobacterial' he an shock proteins, human hear shock 
proteins, yeast heat shock proteins, bacterial heat 
5 shock proteins, nonhuman mammalian heat shock 

proteins, insect heat shock proteins and fungal heat 
shock proteins. 

7. The method of Claim 5 wherein the heat shock protein 
is a mycobacterial heat shock protein select ad from 

10 the group consisting of: hsp65, hsp70, hspGC, hsp71, 

hsp90, hsplOO, hsplO-12, hsp20-30, hsp40 and hsplOO- 
200. 

8. The method of Claim 7 wherein the moiety is selected 
from the group consisting of: proteins, peptides, 

15 lipids, carbohydrates, glycoproteins and small organic 

molecules . 



9. A method of delivering a moiety of interest into a 
cell capable of taking up a complex comprising the 
moiety of interest covalently linked to a heat: shock 
20 protein, comprising contacting the cell with the 

complex, under conditions appropriate for entary of the 
complex into the cell. 



10 . The method of Claim 9 wherein the heat shock protein 
is selected from the group consisting of: 
2 5 mycobacterial heat shock proteins, human heat shock 

proteins, yeast heat shock proteins, bacterial heat 
shock proteins, nonhuman mammalian heat shock 
proteins, insect heat shock proteins and fungal heat 
shock proteins. 
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Ti^e mecnct cr r _-aim _ j .va=~c,r. 

is a mvcobacceriai heat shock pre: 



hsp?0 , hspiOO, hspiO-12 
5 2 00. 

12. The method of Claim II wherein the moiety is select ad 
from che group consisting of : proteins, peptides, 
lipids, carbohydrates, glycoproteins and small organic 
molecules . 

10 13. use of a complex comprising a moiety of interes: 

covalencly linked :o a hear shock protein :o deliver 
the moiety cf interest into a cell. 

14. Use of a complex comprising a moiety cf interest 
covalently linked to a heat shock protein in a method 

15 of delivering the moiety cf interest into cells of an 

individual, wherein the method comprises contacting 
the cells with the complex under conditions 
aocropriate for entry of the complex into cells. 

15. Use according to Claim 14 wherein the heat shock 
20 protein is selected from the group consisting of: 

mycobacterial heat shock proteins, human heat shock 
proteins, yeast heat shock proteins, bacterial heat 
shock proteins, nonhuman mammalian heat shock 
proteins, insect heat shock proteins and fungal heat 
25 shock proteins. 

16. Use according to Claim 15 wherein the heat shock 
protein is a mycobacterial heat shock protein selected 
from the group consisting of: hspSS , hsp70, hspGO, 
hsp71, hsp90, hspiOO, hsplO-12, hsp20-30, hsp40 and 

30 hsolOO-200. 
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17. Use according to Claim IS wherein the moiety Ls 
selected from the group consisting of: proteins, 
peptides, lipids, carbohydrates, glycoproteins =.nd 
small organic molecules. 

5 13. Use of a complex comprising a moiety of interest 

covalently linked to a heat shock protein in a method 
of delivering the moiety of interest into —.tiger, 
presenting cells of an individual, wherein the me choc 
comprises contacting the cells with the complex under 
10 conditions appropriate for entry of the complex into 

cells . 

19. Use according to Claim 13 wherein the heat shock 
protein is selected from the group consisting of: 
mycobacterial heat shock proteins, human heat shock 

15 proteins, yeast heat shock proteins, bacterial heat 

shock proteins, nonhuman mammalian heat shock 
proteins, insect heat shock proteins and fungal heat 
shock proteins. 

20. Use according to Claim 19 wherein the heat shock 

20 protein is a mycobacterial heat shock protein selected 

from the group consisting of: hsp65, hsp70, hsp60, 
hsp71, hsp90, hsplOO, hsplO-12, hsp20-30, hsp40 and 
hspl00-200. 

21. Use according to Claim 20 wherein the moiety is 
25 selected from the group consisting of: proteins', 

peptides, lipids, carbohydrates, glycoproteins and 
small organic molecules. 



30 



22. 



Use of a complex comprising a moiety of interest 
covalently linked to a heart shock protein in a method 
of delivering the moiety of interest into cells of an 
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individual., wherein the cells are 
the complex comprising c:n: = c:inc 
cc™ lex, under conditions apcrzpr 
complex into cells. 

5 23. Use according to Claim 22 wherein zh-f ::z:-z 

protein is selected from the group c:;. _sti --. 
mycobacterial hear shock pre z eins , hur/.an hei: ;.nock 
proteins, yeast heat shock proteins, oac:=r:i. heat 
shock proteins, nonhuman mammalian heat shock 
10 proteins, insect heat shock proteins and fungal heat 

shock proteins. 

Use according to Claim 23 wherein zhe heat shock 
protein is a mycobacterial heat shock protein selected 
from the group consisting of: hspS 5 , hsp 7 0 , hspb 0 , 
hsp71, hsp90, hsplOO, hsplO-22, hsp20-30, hsp 4 0 and 
hsplOO-200 . 

25. Use according to Claim 24 wherein the moiety is 
selected from the group consisting of: proteins, 
peptides, lipids, carhchydra zes, glycoproteins and 
20 small organic molecules. 
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